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Solar Radiation for Flai-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May Tune July Aug  Sept Oct Nov Dec | Year
0 Average 2.0 29 4.1 2.2 6.1 7.0 7.0 6.3 4.9 34 22 I 4.4
Min/Max | 1.8/2.2 2.6/32 3.6/45 | 47/59 54/67 6.0/7.6 | 6.6/7.5 34/67 42/56| 2939 2024 1620 | 4.1/46
Latitude -15 Ayerage 34 4.3 52 58 6.2 6.8 7.0 6.8 6.0 4.8 3.6 3.1 52
© | Min/Max | 2.9/4.1 3.6/50 44/58 | 52/6.7 5.4/69 58/74 | 6.6/7.4 58/7.3 4969 | 3.9/57 32/40 2.7/3.8 | 48/55
Tttt Average 3.9 4.7 54 it 5.8 6.2 6.5 6.5 6.1 3.3 4.1 3.6 53
Min/Max | 3.3/48 3.9/5.6 4.6/6.1 | 5.1/6.6 5.1/6.5 354/68 | 6.1/68 5570 49/7.0| 4.1/62 3546 3.1/45|49/56
Latitude +15 | Average 43 49 53 53 5.1 53 5.6 55 59 33 43 39 51
Min/Max | 35/52 4.0/59 45/6.1 | 47/6.1 4.5/57 4.6/58 | 5.3/59 50/63 47/68 | 42/63 3.7/49 3.4/49 | 4.7/5.4
90 Average 4.1 4.5 4.3 3.6 3.0 2.8 3.0 3 4.3 4.5 4.0 3.8 38
Min/Max | 3.3/5.0 3.6/54 3.6/49 | 32/4.1 27/34 2630 2932 3.1/39 34/49| 35/53 3.5/46 3.3/48 | 3.54.0
Solar Radiation for 1-Axis Tracking Flai-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3.2 4.4 3.9 7.2 82 95 97 9.0 3 5.2 35 2T 6.3
Min/Max | 2.6/3.8 3.6/53 4.7/6.8 | 62/87 6.9/9.5 7.7/10.7| 89/10.6 7.4/9.9 5886 4.1/62 3.0/39 24/34 | 5.6/6.7
Latitude -15 | Average 4.2 34 6.7 77 8.4 9.6 9.9 9.5 8.1 6.3 4.5 38 7.0
© | Min/Max | 3.5/52 4.4/66 5478 | 6.6/94 7.1/97 7.7/10.8| 9.1/10.8 7.7/105 6.3/9.7 | 4.9/7.5 3.8/5.1 3.2/47 | 6.2/15
Latitude Average 4.6 5.8 6.9 7.6 8.2 02 95 9:3 8.2 6.6 4.9 4.2 Td
Min/Max | 3.8/5.7 4.7/7.0 55/8.1 | 65/9.3 6.9/95 74/104| 8.7/104 7.6/103 64/98 | 5.1/7.9 4.1/55 3.6/53 6.3/7.6
Frtibdai]s Average 4.9 59 6.9 7.3 1.7 8.6 9.0 8.9 8.0 6.6 5. 4.4 7.0
© | Min/Max | 4.0/6.0 47/72 54/80 | 6.3/89 6.5/89 69/9.7 | 82/98 72/99 62/96| 5.1/80 43/58 3.857 | 62/74
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty 9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
% Awin Average 4.9 59 6.9 T 8.5 9.8 10.1 9.5 8.2 6.7 3.1 4.5 7.3
g i Min/Max | 4.0/6.1  4.8/7.2 5.5/8.1 | 6.6/94 7.2/99 7.9/11.1| 92/11.0 7.8/106 64/98 | 52/80 43/58 3.9/58 | 6.5/7.8
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?2/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 3.1 34 3.5 3.6 4.1 52 55 5:1 4.5 39 3l 29 4.0
Horiz Axis Min/Max | 2.2/42 24/45 24/45|27/51 28/5.1 35/63 | 47163 3.6/59 3158 | 28/5.10 2389 2241 | 33/44
1-Axis, N-S§ | Average 2.1 30 39 4.7 55 6.9 73 6.8 53 38 23 1.9 4.5
Horiz Axis MinfMax | 1.5/29 2.1/40 26/5.1 | 34/6.6 38/69 4.6/84 | 62/84 4980 3.7/7.1| 2549 1728 14727 3.6/5.0
1-Axis, N-S | Average 3.3 4.1 4.7 5.1 5.4 6.6 7.0 7.0 6.3 5.0 39 3.1 21l
Tilt=Latitude | Min/Max | 2.4/46 2.9/55 3.2/6.1 | 3.7/7.1 3.8/6.8 4.4/80 | 6.0/8.1 5.0/82 4.2/8.1 3.3/64 2642 2344 | 4.1/57
2 Al Average 3.6 42 438 5.2 5.8 74 72 72 6.3 5.0 X7 32 53
S Min/Max | 2.6/49 3.0/5.6 3.2/6.1 | 3.8/72 4.0/72 48/86| 64/87 52/84 43/81 | 34/65 2744 2548 | 4.3/5.9
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 5.3 -3.1 0.8 6.0 113 B 21.6 204 14.3 8.0 0.6 -4.6 7.3
Daily Minimum Temp 111 -8.9 -5.7 -1.4 3.3 8.3 122 11.0 53 0.1 -5.7 -10.2 -0.2
Daily Maximum Temp 0.4 2.8 73 134 19.2 259 309 29.8 232 15.8 6.8 Lid 14.7
Record Minimum Temp | -40.0 -33.9 -29.4 -20.0 -8.9 2.2 -1.1 0.6 -8.9 -194 -29.4 -40.6 -40.6
Record Maximum Temp | 15.6 20.0 233 283 333 389 40.0 389 35.6 294 217 16.1 40.0
HDD, Base 18.3°C 734 599 543 370 219 77 (] 20 139 321 532 709 4268
CDD, Base 18.3°C 0 0 0 0 0 ) 106 84 19 0 0 0 247
Relative Humidity (%) 64 65 62 58 57 51 44 43 49 54 61 64 56
Wind Speed (m/s) 16 6.8 6.2 3.6 532 4.8 4.6 4.6 4.9 54 6.4 6.9 57
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Solar Radiation for Flat-Plaie Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Yeir
0 Average 22 < B 42 2.5 6.0 6.7 6.7 5.9 4.9 3.6 2.4 1.9 4.4
| Min/Max | 1.9/24 2.8/33 3.8/46 | 49/58 52/6.6 59/75| 62/7.1 49/64 42/54 | 3.040 2226 L7/22]|42/4.6
Latitide 05 Average 3.6 44 3.3 59 6.0 6.5 6.6 6.3 58 5.0 3.8 33 52
Min/Max | 3.0/4.1 3.9/49 4.6/58 | 5.3/65 52/67 57/73| 61/7.1 51/6.8 4.8/66| 3.8/5.6 3.3/42 2.8/40 | 49/54
Latitide Average 4.1 4.9 35 58 5.6 6.0 6.1 6.1 6.0 5.4 4.3 39 23
Min/Max | 3.4/4.8 4.3/54 4861 |52/64 49/63 352/6.7| 57/65 49/6.6 4867 | 4.0/6.1 3847 33/47|35.0/55
Latitude +15 Average 4.5 5.1 5.5 54 5.0 3:1 33 53 5.7 5.5 4.6 42 5.1
Min/Max | 3.6/52 4.5/57 4.7/6.1 | 49/59 4.3/5.6 4.5/57 | 49/56 45/59 4.6/65| 40/62 40/50 35/52 | 48/53
90 Average 4.2 4.5 43 3.6 2.8 2.6 2.8 33 4.1 4.0 4.2 4.1 3.8
Min/Max | 33/49 4.0/52 3.7/49 | 33/41 2531 24/28 | 2.6/29 2.8/35 3.2/46| 3352 3747 34/51 | 3539
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty 8%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 34 4.6 6.1 74 8.0 9.0 9.1 83 T 5.5 G bl 6.3
Min/Max | 2.8/40 4.1)52 5.1/7.0 | 6.6/83 6.6/9.1 7.5/10.5| 8.4/9.9 6.3/92 56/82 | 4.1/63 3.3/41 25/37 | 58/6.7
i gfttude ~15 Average 45 57 6.9 79 8.1 9.0 92 87 7.8 6.6 48 4.1 6.9
Min/Max | 3.6/5.2 4.9/63 57/719 | 7.0/89 6.6/93 7.5/10.6| 8.5/10.0 6.6/9.7 6.1/9.1 | 47/74 4.1/53 3.3/50 | 64/74
1 Al Average 4.9 6.0 Tl 7.8 7D 8.7 8.9 8.6 7.9 6.9 7 4.6 7.0
Min/Max | 3.9/5.8 52/6.8 5.88.1  6.9/88 64/9.0 7.2/10.1| 82/9.7 64/95 62/9.2 | 49/78 45/57 3.9/5.6 | 6.5/1.5
Latitnde 418 Ayerage 52 6.2 7.0 75 74 8.1 8.3 8.2 7 69 54 4.9 6.9
Min/Max | 4.1/6.1 54/6.9 58/8.1 | 67/85 6.1/85 6795 | 7.7/9.1 6.1/9.1 6.0/9.0 | 4979 46/60 3.9/6.0 | 64/1.3
Solar Radiation for 2-Axis Tracking Flai-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec Year
7. At Average 52 6.2 7.1 19 8.2 9.3 9.3 8.8 7.8 6.9 54 4.9 T3
ki Min/Max | 4.2/6.2 54/69 58/8.1 | 7.0/89 67/94 7.7/10.8| 87/102 6.6/9.7 62/92 | 49/79 47/60 4.0/6.1 | 6.7/7.7
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty £8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 33 3.6 3.6 38 39 4.8 4.9 45 43 4.1 33 32 39
Horiz Axis Min/Max | 2.3/43 2843 25/45|3.0/4.6 26/48 34/61 | 43/57 29/52 29/53 | 2449 26/39 23/43|3.5/43
1-Axis, N-S | Average 2.3 k- 4.1 50 52 6.4 6.5 6.0 32 4.1 2.6 2.1 44
Horiz Axis Min/Max | 1.7/3.1 2.5/39 2.7/53 | 40/6.1 35/65 4582 | 5776 3870 35/66 | 24/49 20/3.1 15729 |3.949
1-Axis, N-S | Average b 4.4 4.3 3.3 3.4 6.0 6.2 6.1 35 e 38 34 5.0
Tilt=Latitude | Min/Max | 2.6/47 34/53 3.2/6.2 | 42/6.5 35/63 43/78 | 55/7.3 39/7.1 40/74 | 31/63 3.0/4.5 24/46 | 44/55
o K Average 34 4.5 4.9 54 54 6.6 6.7 6.3 0.0 3.3 4.0 3.7 a2
Min/Max | 2.7/5.1 3.5/54 3.2/6.2 | 4.3/6.6 3.7/6.7 4.6/84 | 59/78 4.1/74 40/74 | 3.1/63 3247 26/50 | 46/57
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Doe | Yeur
Temperature (°C) -3.1 -1.5 0.9 58 1E1 16.3 202 19.1 14.1 83 1.8 -2.3 7.6
Daily Minimum Temp 9.3 -1.3 -5.5 -1.1 4.1 9.1 12.6 11.6 6.5 | i -4.6 -8.3 0.7
Daily Maximum Temp 3.2 4.7 72 12.6 18.1 23.6 279 26.7 1.7 15.6 8.2 38 14.4
Record Minimum Temp | -33.9 -36.7 -294 | 222 -8.9 -3.9 33 o] -13.3 -18.3 256 =333 | 367
Record Maximum Temp | 189 21.7 233 27.8 12 378 378 35.6 33.9 28.3 22.8 20.6 37.8
HDD, Base 18.3°C 663 556 541 375 224 83 17 24 139 310 497 641 4070
CDD, Base 18.3°C 0 0 0 0 0 22 76 48 13 0 0 0 158
Relative Humidity (%) 53 55 56 54 36 53 51 51 52 50 54 54 53
Wind Speed (m/s) 7 6.6 6.5 6.5 5.8 3:1 4.6 4.6 5.0 54 5.9 6.5 5.8
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m Variability of Latitude Fixed-Tilt Radiation
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LATITUDE: 42.82° N
LONGITUDE: 108.73° W
ELEVATION: 1696 meters
MEAN PRESSURE: 829 millibars

Monthly Radiation (kWWh/m?/day)
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Solar Radiation for Flai-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%

Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 22 32 4.4 5.6 6.4 Tl 7.0 6.3 5.0 3.6 23 19 4.6
Min/Max | 1.9/2.4 27/3.6 3.7/48 | 49/65 53/7.1 6.1/79 | 62/7.6 56/6.7 4257 | 3.1/39 2.1/26 17720 | 4.3/4.8
Tontmdes -5 A_verage S 4.8 < 6.2 6.5 T4 7.0 6.8 6.1 8.l 38 34 35
Min/Max | 3.0/43 3.9/54 45/63 | 54/74 54/72 6.0/77| 62/1.6 6.0/7.2 48/7.0| 42/56 32/43 2.7/39 ]| 5.1/58
T abitias Average 4.3 a3 6.0 6.1 6.1 6.4 6.5 6.5 6.2 3.3 4.3 4.0 5.6
Min/Max | 3.5/5.1 4.3/6.1 4.7/6.6 | 5373 5.1/68 55/7.1| 57/7.0 58/69 48/72| 45/6.1 3649 3.1/46| 52/59
Lafitude+15 Average 4.6 5.6 59 27 54 55 5.6 59 6.0 5.6 4.6 43 5.4
Min/Max | 3.8/55 4.4/64 4.6/67 | 49/68 45/6.0 4.7/6.0| 5.0/6.1 52/63 4.6/69 | 4.6/62 3.8/52 3.3/50 | 5.0/5.7
90 Average 4.5 3.1 4.8 4.0 32 2.9 31 36 4.3 4.7 43 4.3 4.1
MinfM?ax UGN S0 SB[ 3350 29655 ¥ 2823 3338 3350 352 8EST 3401 3943

Solar Radiation for 1-Axis Tracking Flai-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%

Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 34 4.9 6.5 77 8.5 9.8 9.8 9.0 7.4 53 37 3.0 6.6
Min/Max | 2.6/4.1 3.8/56 4.7/73 | 6593 6.6/9.9 79/11.1| 7.5/108 7.7/9.7 5.7/88 | 45/6.1 3.0/4.1 25/3.5 | 59/7.0
PR P Average 4.6 6.1 7.4 8.3 8.7 9.8 99 9.4 82 6.6 48 4.1 i3
Min/Max | 3.5/55 4.7/7.1 5.4/85 [69/10.0 6.7/102 7.9/11.2| 7.6/109 8.1/10.3 6.2/9.9 | 54/74 3.8/54 3.2/4.8 | 6.5/7.8
e Average 5.0 6.5 7.6 8.3 8.5 94 9.5 9.3 8.3 6.9 52 4.6 74
Min/Max | 3.9/6.1 5.0/7.6 5.5/87 |6.8/10.0 65099 7.6/10.8| 7.3/106 7.9/10.1 6.2/100| 57/7.8 42/58 3.5/54 | 6.6/7.9

Average 53 6.7 7.6 8.0 8.0 8.8 9.0 88 8.1 7.0 5.4 4.9 1.3

Latitude +15 | oo Max | 42/65  5.0/78 5487 | 6596 6.1/94 7.1/10.1 6.8/9.9 7.6/9.6 60098 | 5779 4361 3757|6578

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%

Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

2 Axis Average 54 6.7 G 8.3 8.9 10.0 10.1 95 8.4 7.0 54 5.0 i
; Min/Max | 42/66 52/7.8 55/8.7 |6.9/10.0 6.8/103 B8.1/11.5| 7.8/11.1 8.1/10.3 6.2/10.0| 5.7/7.9 43/62 3.8/58 | 6.8/8.2

Direct Beam Solar Radiation for Concenirating Collectors (kWh/m?/day), Uncertainty +8%

Tracker Jan Feb Mar Apr May June Tuly Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 32 37 39 3.9 4.2 52 5.3 5.0 45 4.1 33 32 4.1
Horiz Axis Min/Max | 2.3/44 2.6/48 24/48 | 27553 27/54 35/65| 37/61 3855 29/58| 29/53 24/40 1840 | 3.5/4.6
1-Axis, N-S | Average e 32 4.3 5.0 5.6 7.0 Tl 6.6 55 4.0 2.5 2.0 4.6
Horiz Axis | Min/Max | 1.5/3.1 2.1/42 25/54 | 3.5/69 35/73 47/87 | 4.6/82 4975 3572 | 2852 1830 L126|3.85.1
1-Axis, N-S | Average 35 4.5 5.3 54 5.6 0.6 6.9 6.9 6.3 5.2 S 3.3 335
Tilt=Latitude | Min/Max | 2.4/4.8 3.0/5.8 3.0/6.5 | 3.8/74 35/72 4482 | 4479 5.1/7.7 4.0/81 | 3767 2745 1842 |44/58
o e Average 3.8 4.6 3.3 535 59 72 74 7.1 63 5.3 39 3.6 3.5

Min/Max | 2.6/5.2  3.1/60 3.0/6.6 | 38/7.6 3776 4889 | 4885 5379 4.0/82 | 3.7/68 2848 2.0/4.6 | 45/6.1

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -6.9 = 1.1 6.3 11.7 17.3 217 205 14.6 8.2 04 -6.2 7.0

Daily Minimum Temp -134 -10.2 -5.5 0.7 44 93 13.3 12.1 6.8 0.9 -6.7 -12.6 -0.2
Daily Maximum Temp -0.4 28 7.6 13.2 18.9 252 30.1 28.8 224 154 5.8 0.1 14.2
Record Minimum Temp | -38.3 -333 -26.7 | -18.9 -7.8 -3.9 3.9 i3 -12.2 -19.4 278  -383 | -383
Record Maximum Temp | 17.2 20.0 244 278 328 37.8 38.3 383 344 294 21.1 17.8 38.3
HDD, Base 18.3°C 784 6lo6 536 362 209 76 5 21 137 313 563 761 4383
CDD, Base 18.3°C 0 0 0 0 0 44 108 88 25 0 0 0 266
Relative Humidity (%) 64 62 56 52 50 45 40 40 46 52 62 65 53

Wind Speed (m/s) 24 25 21 23 3.6 34 3.4 3.3 31 2.7 25 23 3.0
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Variability of Latitude Fixed-Tilt Radiation
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept QOct Nov Dec Year
0 Average 2al 3.0 4.2 54 6.4 g T2 6.4 52 3.7 2.3 1.9 4.6
Min/Max | 1.9/2.4 2534 3547 | 48/6.0 5.6/7.1 6.6/79 | 6576 56/69 4359 | 32/41 2127 1.72.1 | 43/4.8
-atinida 15 Average 3.5 44 | 6.0 6.5 7.0 Tl 6.9 6.3 b ¥ 3.7 32 54
: “ | Min/Max | 2.9/4.1 34/5.1 4.2/6.1 | 52/6.8 57/12 64/7.7| 64/7.5 59/1.5 50/7.2 | 42/59 32/44 26/38 | 50/57
T atitiide Average 4.0 4.8 ) 5.9 6.1 6.4 6.6 6.6 6.4 5.6 4.1 57 33
Min/Max | 3.3/48 3.7/5.7 4.3/65 | 50/6.7 53/67 5970 | 59/69 57/72 50/74 | 45/64 35/5.1 29/44 | 5058
Latitude +1% Average 4.3 5.1 35 5.9 54 53 37 6.0 6.1 5.7 4.4 4.1 a3
$ Min/Max | 3.5/5.3 3.7/6.0 4.1/6.5 | 4.6/6.2 4.7/59 51/6.0 | 52/6.0 52/6.5 4.8/7.1 | 4.6/6.5 3.7/54 3.1/48 | 48/5.6
90 Average 42 4.6 4.3 3.6 3.1 28 3.0 3.0 44 4.7 4.0 3.9 38
Min/Max | 3.3/5.1 32/56 3.1/56 | 3140 2733 2730 2831 3239 3451 | 3.8/54 34/50 3.0/4.6 | 34/4.2
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day). Uncertainty +9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 33 4.6 6.1 75 8.8 10.0 10.0 9:1 7.7 50 3.6 29 6.6
Min/Max | 2.7/4.0 3.6/54 4.4/73 | 62/87 7.2/10.1 8.6/11.3| 8.8/109 7.5/10.2 57/92 | 4.5/6.7 3.0/44 2.3/35 | 58/7.0
Vil 15 Average 4.3 5.6 6.9 8.0 9.0 10.0 10.1 9.6 8.5 6.8 4.6 3.9 7.3
: Min/Max | 3.5/5.3 4.2/6.6 5.0/83 | 6.6/94 7.3/103 8.6/11.4| 89/11.1 7.8/10.7 6.3/10.2| 5.3/8.0 3.8/57 2.9/4.7 | 6.4/7.7
Eatitude Average 4.7 6.0 7.1 8.0 8.7 9.6 9.8 94 8.6 Tk 4.9 4.4 74
Min/Max | 3.8/5.9 44/7.1 5.1/8.6 | 6.5/93 7.1/10.0 8.3/109| 8.6/10.7 7.7/10.6 6.3/104| 55/84 4.1/62 32/52 | 64/19
Laittuds $15 Average 5.0 6.1 7.0 .7 8.2 9.0 92 9.0 8.5 7.2 5.1 4.6 72
NgE = | Min/Max | 4.0/6.2 4.5/7.3 4.9/86 | 62/90 6.7/95 7.8/103| 8.1/10.1 7.3/10.1 6.1/102| 5.5/84 4.2/65 3.4/56 | 6.3/7.8
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
o gt Average 5.0 6.1 Tl 8.1 9.1 10.3 10.3 9.0 8.7 7.2 32 4.7 7.6
2 Min/Max | 4.0/6.3 4.5/7.3 5.1/8.6 | 6.6/94 74/104 8&/11.7( 9.1/11.3 7.8/10.8 6.3/10.4| 5.5/85 4.3/6.5 34/5.7 | 6.6/8.1
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?2/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 3.0 34 3.6 38 44 53 5.4 5.0 4.7 4.2 ey 29 4.1
Horiz Axis Min/Max | 2.1/4.2 22/43 2.1/44 | 2.7/49 3.0/56 4.0/6.6 | 45/63 3.6/6.0 29/6.1 | 2.853 22/43 1.5/39 | 3.2/45
1-Axis, N-S | Average 2.1 3.0 4.0 5.0 59 72 T3 6.7 5.8 42 2.4 1.9 4.6
Horiz Axis Min/Max | 1.5/3.0 2.1/3.9 22/51 | 3.4/64 4.0/7.6 53/89 | 6.0/86 47/82 35/7.7 | 2855 1.7/33 09/2.6 | 3.6/52
1-Axis, N-S | Average £ie 4.1 4.8 53 58 6.8 7.0 6.9 6.6 54 4’5 3.1 52
Tilt=Latitude | Min/Max | 2.3/4.6 2.8/53 27/6.1 | 3.7/68 4.0/75 50/84 | 5883 4884 3987 | 3.6/7.0 2549 1542 |4.1/58
A Nsle Average 35 42 4.8 54 6.1 74 o Tl 6.6 3,9 39 33 54
: Min/Max | 2.5/49 2.8/54 2.7/6.1 | 3.7/6.9 42/79 54/92 | 62/89 50/86 3987 | 3.6/70 2.6/52 1.7/4.6 | 4.2/6.0
Average Climatic Conditions
Element Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec Year |
Temperature (°C) -6.4 -4.3 -04 4.8 10.2 157 20.0 18.8 131 6.8 -0.9 -5.9 5.9
Daily Minimum Temp -11.6 -9.8 -6.3 2.0 27 7.6 11.6 10.4 5.0 0.4 -6.7 -11.2 -0.9
Daily Maximum Temp -1.4 1.3 54 11.5 17.6 23.7 284 271 211 14.0 4.8 0.7 123
Record Minimum Temp | -37.2 -32.8 239 | =133 -8.9 -1.7 22 0.6 -14.4 -14.4 -244  -339 | -372
Record Maximum Temp 12.2 133 344 25.0 289 339 344 33.3 3.1 25.0 17.8 139 34.4
HDD, Base 18.3°C 768 633 581 407 253 103 12 T 168 357 577 751 4647
CDD, Base 18.3°C 0 0 0 0 0 23 64 51 10 0 0 0 148
Relative Humidity (%) 72 70 65 56 50 43 38 39 45 54 69 73 56
Wind Speed (m/s) 53 53 5.4 5.4 5.0 4.6 42 4.1 43 44 4.9 a2l 4.8
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Variability of Latitude Fixed-Tilt Radiation
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WBAN NO. 24029

LATITUDE: 44.77° N
LONGITUDE: 106.97° W
ELEVATION: 1209 meters
MEAN PRESSURE: 878 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Secondary
—— 1961-1980 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%

Tilt (°) Jan Feh Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.8 i 3.9 5.0 5.8 6.7 6.9 6.0 4.6 31 2.0 1.6 4.2
Min/Max | 1.6/2.1 2.4/3.1 3.4/43 | 46/59 50/6.6 58/74 | 6175 5566 3.7/52| 2.7/34 1823 14/1.7 | 3.9/44
fattnde 15 Average 3.1 4.0 5.0 5.6 5.9 6.5 6.9 6.6 3.7 4.5 32 2.8 5.0
Min/Max | 24/3.6 35/48 4.2/56|50/68 5.1/68 57/713| 6175 60/73 43/6.6 | 3.7/52 27/40 23/32 | 4.7/52
T afitds Average 35 4.4 52 3.5 5.6 6.0 6.4 6.3 5.8 4.8 3.6 F2 5.0
Min/Max | 2.7/42 3.8/53 43/5.9 | 49/6.7 4.7/64 52/6.7 | 57/69 57/7.0 43/67 | 39/56 3.046 2637|4753
Tatitude 15 Average 37 4.6 5.1 5.1 49 5.1 X3 53 5.5 49 38 35 4.8
Min/Max | 2.8/45 3.9/56 4.2/59 | 45/62 42/56 4.5/57 | 49/6.0 52/63 4.1/6.4 | 3.9/57 3.1/49 2.84.1 | 4.5/5.1
90 Average 3.6 4.2 42 3.6 3.0 2:9 32 373 4.1 4.1 3.6 3.4 3.0
Min/Max | 2.7/44 3.4/51 34/50 | 3.2/43 2.7/34 26/3.1| 29/34 3340 3048 | 3348 2848 27/4.0 | 34/39
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%

Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 25 4.0 3:5 6.9 7.8 9.1 9.6 8.7 0.8 4.7 3.0 2.4 5.9
Min/Max | 2.2/3.3 34/48 43/64 | 6.0/88 6491 75/104| 8.1/10.7 7.699 4.9/8.1 | 3.8/55 25/3.8 1927 |54/64
Tatititds -15 Average 37 5.0 6.4 7.4 8.0 9.1 9.8 9.2 7.6 d 3.9 3.3 6.0
Min/Max | 2.8/44 42/6.1 50/75 | 64/9.6 6.5/94 7.5/105| 8.3/10.9 8.0/10.5 54/9.2 | 45/68 3.1/50 2.6/3.9 | 6.0/7.0
Fatittide Average 4.0 5.3 6.5 7.4 7.8 8.8 95 9.0 ¥ 6.0 4.3 3.0 6.7
Min/Max | 3.0/4.9 4.4/65 5.1/7.7 | 6.3/9.5 6.3/92 7.2/10.1| 8.0/10.6 7.9/10.4 54/9.3 | 4.7/7.1 34/55 2843 | 6.0/7.1
Latitide +15 Average 42 54 6.5 5 7.3 8.2 89 8.6 .5 6.0 44 39 6.5
¥ Min/Max | 3.1/52 4.5/6.7 5.0/7.7 | 6.0/92 59/87 6.7/9.5 | 7.5/10.0 7.5/9.9 53/9.1 | 47/7.2 35/57 3.0/4.6 | 5.9/6.9
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
T Ak Average 4.3 54 6.5 Fa 8.1 9.4 10.0 92 i 6.0 44 4.0 6.9
) Min/Max | 3.2/52 4.5/6.7 5.1/7.7 | 6.4/9.6 6.6/9.6 7.7/10.8| 8.4/11.2 8.1/10.6 55/9.3 | 4.7/7.2 35/58 3.0/4.7 | 6.2/7.3
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 2.3 2 3.1 34 37 4.7 53 4.8 4.1 34 25 23 35
Horiz Axis Min/Max | 1.1/3.5 2.2/4.1 22/42|25/52 27/48 33/6.1 | 41/63 4.0/6.0 23/53 | 24/44 1.8/36 1.4/3.1 | 3.0/4.0
1-Axis, N-S | Average i ¥ 3.3 44 5.0 6.3 71 6.4 49 33 1.8 1.4 4.0
Horiz Axis | Min/Max | 0.8/23 1.8/3.4 22/45|33/68 35/65 44/8.1 | 53/84 5.1/80 2866 | 22/42 1226 0.8/1.9 | 3.4/45
1-Axis, N-S | Average 25 33 4.1 4.7 5.0 6.0 6.9 6.7 57 4.3 2.8 24 4.5
Tilt=Latitude | MinfMax | 1.2/3.8 2.6/49 2.8/5.6 | 3.6/7.4 35/64 42(7.7 | 52/82 5483 33/7.6| 3.0/56 2.0/41 1433 | 3.8/5.1
o N Average &7 34 4.1 4.8 5.3 6.6 74 6.9 53 4.4 3.0 2.6 47
i Min/Max | 1.3/4.1 2.6/50 2.8/5.6 | 3.6/7.5 3.7/6.8 46/84 | 5.6/88 5586 33/7.6| 3.0/57 2.1/43 1.6/35 | 4.0/53
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Qct Nov Dec Year
Temperature (°C) -6.2 -3.1 1.1 6.6 11.5 16.7 20.9 20.2 13.9 82 03 -5.2 3.l
Daily Minimum Temp -13.1 -9.7 5.8 -0.9 3.9 8.5 153 10.9 5.2 0.2 -6.8 -12.1 L7
Daily Maximum Temp 0.6 35 7.9 13.9 19.1 24.9 30.1 29.6 22.7 16.5 7.4 1.7 14.8
Record Minimum Temp | -37.2 -35.6 -30.6 | -18.9 -10.6 2.8 L7 1.1 -14.4 -22.8 -31.7  -383 | -383
Record Maximum Temp | 21.1 244 25.0 30.6 350 40.6 41.1 41.1 394 32.8 25.6 290 41.1
HDD, Base 18.3°C 761 601 536 353 212 87 16 2P 149 315 542 730 4336
CDD, Base 18.3°C 0 0 0 0 0 38 94 93 18 0 0 0 244
Relative Humidity (%) 60 66 63 38 60 59 50 47 54 58 66 67 60
Wind Speed (m/s) 35 35 4.0 43 4.0 34 33 32 33 33 33 34 35
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